To assess the prevalence of obesity and changes in body mass index (BMI) distribution between 1989 and 1999 in 5-y-old children, and to study the influence of parental socioeconomic status on these parameters. METHODS: Two cohorts of children in the final year of nursery school (in the city of Lille, France) were enrolled in 1989 (705 children: mean age ¼ 5.670.4 y) and 1999 (1258 children: mean age ¼ 5.670.5 y). Weight and height were measured, and data about parental occupation were collected during a school medical examination. International Obesity Task Force cutoff points were used to define overweight and obesity. Parental occupation was classified into four categories. RESULTS: The prevalence of obesity increased from 1.8 to 4.9%, and the prevalence of overweight rose from 9.6 to 16.9%. Mean-difference plots allowed qualitative comparisons of the BMI distribution between the surveys: for children from the highest social classes, there was no change in BMI; for children from intermediate classes, there was a up-shift only in the upper part of the distribution with the heaviest children becoming heavier still; finally, for children from the lowest class, there was an increase in BMI across the entire population. CONCLUSIONS: This study of the changes in BMI distribution gives greater insight into the 'obesity epidemic'. Our results show the influence of an interaction between genetic and environmental factors. The increase in BMI in the upper part of the distribution suggests that this is a population with a high degree of susceptibility, whereas the increase in BMI across the whole population in the lowest social class suggests a strong influence of the environment on this group and thus the necessity of appropriate, preventive measures. 
Introduction
The increasing rate of adult obesity worldwide has been paralleled by similar (and often even greater) increases in the proportion of overweight children. In the United States, the prevalences of overweight in children and adolescents have doubled and almost tripled respectively since the 1960s. 1 These trends have been observed in all parts of the worldFin affluent societies [2] [3] [4] [5] as well as in developing countries. 6 However, most previous studies have used different definitions of childhood obesity, and thus reported trends were difficult to compare internationally. Recently, the Childhood Obesity Working Group proposed a new international body mass index (BMI) reference for defining overweight and obesity for children and adolescents aged 2-18 y. 7 These cutoff values are based on pooled international data for BMI, and are linked to the attainment of adult cutoff points of 25 and 30 kg/m 2 for obesity and overweight, respectively.
These cutoff values enable us to compare the prevalence of obesity and overweight between countries but do not fully explain changes in BMI distribution within a population. An increase in mean BMI may be attributable to either a shift in the entire BMI distribution or an increase in the upper portion of the distribution only. Recent studies in children have shown that there is a greater shift in the upper part of the distribution: 4, 8 this trend is also described in young adults. 9 Even though the extent of the changes in distribution differs according to age (notably for younger children), the main effect appears to be on the upper part of the BMI distribution, with no change for the 50th percentile. 10 This suggests that for these age groups, the increase in prevalence is due to an increase in the heaviest weights. Whether this phenomenon is due to genetic susceptibility, differences in environmental conditions or both remains a matter of discussion. In terms of environmental factors, childhood obesity has been linked to lower educational levels 2 and low parental social class.
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The present study aimed to (i) assess trends in the prevalence of obesity and overweight using the new international definitions, (ii) measure changes in BMI distribution and (iii) consider the influence of parental social class on the observed trends. This study was performed in the city of Lille (Northern France) and was conducted on 5-y-old children for two reasons: firstly, this age normally precedes the adiposity rebound, and it has been suggested that early rebound increases the risk for adult obesity; 16 secondly, in
France, all children in this age group undergo a medical examination, allowing access to data for a full cohort.
Methods
Data set This is a cross-sectional study, using data from the files of the local School Healthcare Service. In France, all children in the final year of nursery school (between ages 5 and 6 y) undergo a mandatory medical examination, performed by school doctors and nurses. Standing height (without shoes) is measured to the nearest 0.1 cm. Weight (in underwear) is determined to the nearest 0.1 kg, using calibrated scales. Furthermore, data concerning the parents' occupation are collected.
Population. The population consists of all children attending the final year of nursery school in the city of Lille (Northern France) and having undergone medical examination in 1989 (1003 subjects) or in 1999 (1380 subjects).
Children aged less than 4 y and 10 months (one in 1989 and five in 1999) or higher than 6 y and 10 months (two in 1989 and five in 1999) at the time of the examination were excluded, as were children with a diagnosed growth disorder, major handicap or chronic disease (38 in 1989 and 46 in 1999) .
A certain amount of missing or incomplete data (257 in 1989 and 66 in 1999) meant that analyses were performed on 705 (352 girls and 353 boys) and 1258 (606 girls and 652 boys) children in the 1989 and 1999 cohorts, respectively.
Anthropometry. Prevalences of overweight and obesity were determined using the gender-and age-specific cutoff values published by Cole et al.
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Social status. Social status was defined by the occupation of the father in the case of a two-parent family or by that of the single-parent in the case of a single-parent family. 17 Occupations were divided into four classes: professional and managerial occupations (I), intermediate occupations (employees, own account workers) (II), lower occupations (lower technical occupations, semiroutine and routine occupations) (III) and the unemployed (IV).
Data analysis
All statistical analyses were performed using SAS 8.2 software (SAS Institute Inc., Cary, NC 25513, USA). P-values o0.05 were considered statistically significant. Comparisons of percentages were performed using the w 2 or Fisher's exact test, and means were compared using the Student's t-test. We used Tukey's mean-difference plots (m-d plots) to compare the changes in BMI distribution between the two surveys. 10, 18 Prevalence differences by gender between 1989 and 1999 were compared using w 2 tests.
Results

Overweight and obesity prevalences
The characteristics of the two populations, including the population distribution by gender and by study year, are shown in Table 1 . The male-to-female proportion did not differ between the two cohorts (P ¼ 0.45). The mean BMI was Social class and time trends in BMI distribution in children M Romon et al significantly higher in 1999 (Po0.0001) for the population as a whole and for both genders. A comparison of obesity and overweight prevalences by gender and study year is provided in Table 2 . Prevalence of overweight was significantly higher for girls than boys, both in 1989 and 1999 (P ¼ 0.04). There is a significant increase in the prevalence of obesity (P ¼ 0.006) and overweight (Po0.0001).
BMI distribution
The changes in BMI distribution are shown by the Tukey's md plots for BMI. This technique enables better representation of the changes in the BMI distribution within the two cohorts. The horizontal axis represents the means of the two distributions (1989, 1999) for BMI percentiles 3, every 5th percentile from 5 to 95 and 97. The vertical axis represents the differences between the two distributions for the same percentiles, that is, this scatter plot shows the direction and magnitude of the shift.
The changes in BMI percentiles for the whole population are shown in Figure 1 and by gender in Figure 2 . The BMI differences are lower for the lowest percentile among girls, become positive from the 50th percentile on and rise sharply from the 75th percentile in both genders.
Influence of social class (Table 3 ) There was no difference in social class distribution between the two years. There is a significant time by class interaction for BMI (P ¼ 0.01): the mean BMI in 1999 was higher for children from class III (lower occupations) (P ¼ 0.0003) and class IV (unemployed) (P ¼ 0.006), relative to 1989. The changes were similar for boys and girls. The changes in the prevalence of overweight and obesity also differ as a function of social class ( Figure 3 ): in 1989, there were no significant differences between social classes (despite a trend towards a higher prevalence of obesity in classes III and IV), whereas in 1999 there was a clear difference between classes, both for overweight (P ¼ 0.0005) and obesity (P ¼ 0.04). This differ- percentile from 5 to 95 and 97, the differences in BMI between the two populations are plotted (on the y-axis) against the means of the same percentile (on the x-axis). The 25th, 50th, and 75th percentiles are indicated by an arrow. Social class and time trends in BMI distribution in children M Romon et al ence is explained by the fact that the prevalence of obesity or overweight had not increased in class I between 1989 and 1999. Figure 4 shows that changes in BMI distribution vary according to the parental social class: for class I children, there is no change in BMI across the whole distribution; for class II children, BMI increases only from the 75th percentile on, whereas for the children of classes III and IV there is an upward shift for the entire distribution.
Discussion
The results of this study of a population of 5-y-old children confirm the trends already observed in France 19-22 and worldwide.
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Our results indicate a higher prevalence of obesity than reported by Rolland-Cachera et al, 21 who found a prevalence of 14% for overweight and 3.9% for obesity using the same criteria in a randomly selected sample of 7-to 9-y-old French children. The present study was conducted in northern France, which is characterised by the highest prevalence of adult obesity in the country. 26 BMI is a simple measure, which is now accepted as a reasonable indicator of body fatness in paediatric populations. 27 The use of BMI to define obesity in childhood depends on cutoff values relative to age-and sex-specific reference data. In this study, we used the new International Obesity Task Force cutoff values to define obesity and overweight: these criteria provide useful tools for international comparison, but their true value remains a matter of debate. Compared to other definitions, the cutoffs do not give the same prevalence estimates, and the differences vary by age group 28 and by country. 29 Even though the cutoff values have a high specificity, sensitivity is rather low, and is lower still in boys for the definitions of both overweight and obesity. 30 This could contribute to the difference of prevalence that we observed comparing boys and girls, that is, a higher prevalence of overweight among girls, although this latter finding was also observed by Rolland-Cachera et al ). This phenomenon differed by age group: it was more significant for younger children, whereas with increasing age, the upward shift was shown across the entire distribution. 10 In a recent study in Aachen (Germany)
including pre-school children, it was observed that only the highest percentiles increased between 1968 and 1982, whereas between 1982 and 1999 an upward trend was discernible across the entire distribution, with the greatest increase for the 90th percentile. 31 These studies did not observe changes in the lower part of the distribution, whereas another French study found a decrease in BMI for the lowest percentiles. Social class and time trends in BMI distribution in children M Romon et al
The major finding of this study is that changes in BMI distribution vary according to social class. In children from the highest social class, there is no change in BMI for the whole of this population, whereas in the children of employees there is a major increase in mean BMI for the highest percentiles, beginning at the 75th percentile. Strikingly, for the lowest social classes, the entire distribution is shifting upward. Even though an inverse social gradient is well known for obesity in adult women, [32] [33] [34] the relation is less frequently observed in men and children. In a review of the literature, 13 out of 32 studies of girls and 11 out of 34 studies of boys found an inverse relationship between socioeconomic status and obesity. 35 These between-study discrepancies may be explained by the age of the children, since previous studies of under 5 y have not found any influence of social class. 36, 37 Confounding factors such as parental weight may, however, interact with social status: in a cohort of 5-to 7-y-old children, Langnäse et al 14 found that child overweight was inversely related to social class, with the relationship enhanced by parental overweight. The choice of social indicator is also of primary importance in measuring the relationships between obesity and socioeconomic status. 32 The indicator used in the present study is based on employment, and has been shown to be both a good measure of employment relations and a sound predictor of life chances. 17 Furthermore, choice of this indicator meant that classification into four categories could be made very easily with the data available in the school records. It allowed us to demonstrate that within a population of 5-y-old children living in the same area, the change over time in the BMI distribution varies according to social class. Our study has one main limitation; we have a greater proportion of missing data in the 1989 cohort, which is explained by the fact that when children move to another town, their school medical records follow them. However, these limitations are moderated by the fact that the comparison shows clearly that there were no differences in social class distribution between the two periods.
In this age group, health-related behaviours are strongly dependant on familial behaviour. 38 Overweight, inactivity and unhealthy eating habits are seen more frequently in families with a low social status. 39 Furthermore, low-income women are less worried by overweight in their children. 40 Hence, exposure to an 'obesogenic' environment is very strong in lower social class. Taken as a whole, these findings suggest a gene-environment effect. Upward shifts of BMI only affect genetically predisposed subgroups. The increase in BMI in the upper part of the distribution in middle-class children suggests that the pressure of environmental factors is lower in this group than in lower social classes where the whole population is affected.
Our study confirms the influence of social factors on obesity very early in life. A recent study has shown that belonging to manual social classes in childhood and in adulthood was independently associated with increased insulin resistance, dyslipidaemia, and general obesity. 41 Childhood factors implicated in the development of adult obesity therefore have far-reaching implications for costs to the economy in general and healthcare services in particular. Further work is necessary to gain a better insight into the interaction between genetic and environmental factors.
